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TRACE. E.LE.ME.NTS 
AND DENTAL MORPHOLOGY 
INTRODUCTION 
In a previous study (Kruger, 1957), it was noted that some trace elements, when 
administered to rats during the period of enamel formation, seemed to change the 
morphology of at least one fissure in the first mandibular molar. Some of these 
trace elements had been shown to reduce the susceptibility of the molars to dental 
caries, and, at that time, it was considered possible that one factor contributing 
to this reduced susceptibility was an alteration to the morphology of the crown. 
However, since these experiments on caries production had involved a post-weaning 
dietary programme of twenty weeks, any alteration to the morphology of the teeth 
of rats in those experiments may have been caused by natural wear, by dental caries 
or by fracture consequent to caries. 
The purpose of the present investigation was to study the effect on crown 
morphology of three trace elements, administered during a period of enamel forma­
tion. Their effect has been studied by examining and measuring various morpho­
logical features of the teeth. These measurements were made soon after eruption, 
These studies are extracted from a thesis submitted to the University of Queensland for 
the degree of Doctor of Philosophy. The project was financed through Research Project 
No. 208, University of Queen�land. 
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so as  to  prevent any alteration to dental morphology by such external factors as 
wear, caries or fracture. 
In addition, the effect of the trace elements on the developing dental tissues­
particularly the ameloblasts and the enamel matrix-has been studied by the 
histologic examination of sections of decalcified jaws at various stages of tooth 
development. 
Materials and Methods 
For these experiments, it was decided to study the effect of the trace elements 
on the first mandibular molar of the rat, because: 
(a) a possible alteration in a fissure of this tooth had been noted in the earlier 
studies (Kruger, 1957) 
and (b) the period of enamel formation in this tooth was a suitable experimental 
period. It was considered desirable to have a relatively constant nutritional 
background during the period of enamel formation, and therefore during 
the experimental period. This was maintained more easily and more 
reliably with a first molar: enamel forms on the first molar between birth 
and the eleventh day (Schour and Massier, 1949), and during this time 
the young depend solely on the mother for sustenance (Farris and Griffith, 
1949). 
The first maxillary molar was not included in the present study, in order to 
limit the large number of sections, measurements and mathematical analyses of data. 
Animal Strain Used 
The rats used were of the same strain as those used in earlier work (Kruger, 
1957). The colony has been maintained as a closed colony since 1953. 
Diet Used 
The diet (designated D1) which was used throughout the current experiments 
was based on Shaw's Ration 100 (Shaw, 1947). It has been shown that the teeth 
of rats were much more susceptible to dental caries if their mothers had been fed 
this type of semi-synthetic diet before being mated, during pregnancy and during 
lactation (Sognnaes, 1948, 1950). The diet D1 had been used in the previous study 
(Kruger, 1957) and it contained: 
Sucrose 68.0 per cent 
Casein 24. 0 per cent
Mineral Salt mixture 4. 0 per cent
Peanut oil 4. 0 per cent
plus synthetic vitamins in the following manner: Fat soluble vitamins: To every 
400 G. of peanut oil was added twenty-five millilitres of cod liver oil* and 500 mg. 
of Vitamin E concentrate. 
The other "vitamin" mixture was added so that each 100 G. of the ration D1 
contained: 
thiamine 350 fLg. 
riboflavin 350 fLg. 
pyridoxine 350 fLg. 
* Standardized Cod Liver Oil, Parke Davis & Co. Ltd., Sydney.
Vitamin E concentrate (mixed tocopherols), No. 222, Parke Davis & Co. Ltd., Sydney.
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nicotinic acid 2. 5 mg. 
pantothenic acid 2. 0 mg.
choline chloride 100.0 mg. 
inositol 100. 0 mg. 
p-amino benzoic acid 30. 0 mg.
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The mineral salt mixture contained analytical reagent grade salts in the following 
proportions: 
Sodium chloride 167.5 G. 
Potassium dihydrogen phosphate 422.5 G. 
Calcium phosphate (mono acid) 95. 0 G.
Magnesium sulphate 102.0 G. 
Calcium carbonate 300. 0 G. 
Iron citrate . . 27.5 G. 
Potassium iodide 0.8 G. 
Peanut oil* was used in D1 instead of the maize oil used in Ration 100 (Shaw, 
1947), because of the difficulty in obtaining supplies of maize oil in Queensland. 
Because of the lability to heat and light of the vitamin mixture, the following 
precautions were taken in the preparation of this ration: Only a small quantity was 
made up from refrigerated stock. About fifty millilitres of distilled water were added 
to the freshly weighed out "thiamine ... p-amino benzoic acid" mixture and then 
this was mixed with the casein. The mineral salt mixture was then added and the 
whole thoroughly mixed, The sugar was then incorporated and finally the peanut 
oil. 
This D1 ration was used throughout the experiments reported here. 
The rats were housed in galvanized iron half-inch wire mesh cages during mating, 
and the females were transferred to individual wooden boxes during pregnancy and 
until the young were weaned (at three weeks of age). Clean shredded white paper 
waste was provided for "nesting" purposes. Glass jars were used as food pots. 
Treatments 
Rein (1955) has discussed the advantages and disadvantages of the various 
methods of administering treatments-in the diet, in the drinking water, by subcu­
taneous or intraperitoneal injections. 
In the present experiments with rats between three and fourteen days old, it was 
considered that the advantages of intraperitoneal injections outweighed their 
disadvantages (Rein, 1955). 
' 
For injection, tuberculin syringest were used. These were chemically cleaned, 
washed and autoclaved before use. 
The following treatments were studied: 
control: a normal saline solution 
boron: a solution of boric acid in normal saline so mixed that the 
amount injected into each rat daily provided approximately 
0. 025 mg. of boron.
fluoride: a solution of sodium fluoride in normal saline, so mixed that the 
amount injected into each rat daily provided approximately 
0.108 mg. of fluoride (F). 
*Chefol Brand. 
tE-D Yale Tuberculin Syringe. l ml. in 100 parts. Becton, Dickinson & Co. , U. S. A. 
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molybdenum: a solution of ammonium molybdate in normal saline, so mixed 
that the amount injected into each rat daily provided approxi­
mately 0. 007 mg. molybdenum. 
It was difficult to begin the administration of the treatments before the third 
day after birth, because of the small size of the animals (approximately five grammes 
at birth). At age three days, the young were more easily weighed, more easily identi­
fied with toe removal, and also more easily injected. 
It was also one of the aims of the project to determine at what period of de­
velopment the treatments affected enamel formation. As referred to previously, 
enamel formation in the first mandibular molar of the rat is completed in approxi­
mately eleven days (Schour and Massler, 1949). It was decided to subdivide this 
period of enamel formation into three experimental periods, during which the effect 
of the elements would be studied. 
The three experimental periods were arbitrarily chosen as the third to the sixth 
. days inclusive, the seventh to the tenth days inclusive, and the eleventh to the 
fourteenth days inclusive. It was considered that these three periods, each of four 
days, would be small enough to be sufficiently sensitive, and yet large enough to 
accommodate variations in the developmental stages within and between litters. 
Throughout the experimental plan, litter mates were used for control versus 
experimental, so as to minimize any genetic between-litter differences. In general, 
it was attempted to have two experimental animals and two control animals within 
the one litter. Randomization of treatments within litters was used to minimize 
bias in selecting animals. 
All young were weighed at intervals between the fifth day and the twenty-first 
day. 
At age twenty-one days, the young were destroyed by coal gas and decapitated. 
The skulls were cleaned by the dermestid beetle method (Kruger, 1959). 
After the skulls were cleaned, the first mandibular molars were dissected from 
the mandible by means of a scalpel. The teeth were then mounted on black boxing 
wax* in metal trays, for photographing the occlusal surfaces. This was to provide 
a record of the appearance of the occlusal features of the teeth, because the occlusal 
surfaces were subsequently destroyed when the teeth were sectioned for measuring. 
The black wax was firm enough to support the teeth, but was sufficiently pliable to 
permit fine adjustments in alignment. It also provided a contrasting background 
for photographing the teeth. The trays were divided into compartments and a record 
of each tooth's identity kept separately. A photograph of one of these trays is 
shown in Figure l. 
Photographs were then taken of the occlusal surface of each first mandibular 
molar. 
For photography, a Leica 35 mm. camera (model IIIf) was used, with a Summitar 
f2 50 mm. lens and extension tubes to give a 120 mm. extension. This was mounted 
vertically on the column of a Leitz Reprovit Universal Copying Outfit. t Additional
accessories were the carrying arm,! fine focusing slides,§ focusing stage with ground 
glass focusing screen,ll and a Vertical 5x focusing magnifier.� 
The tray carrying the teeth to be photographed was held on to the model holder 
of a clasp surveyor** by means of modelling clay. The model holder used was adjust­
able in two planes at right angles. This. permitted adjustments in the positioning 
of any tooth before photographing it. 
*Dentsply Boxing Wax-Dentists' Supply Co. of New York, 220 W. 42nd St., New York. 
tCode OVAFO, tCode ROOFU, §Code YROOF, JJCode OOZAB, �Code LVFOO, Ernst 
Leitz, Wetzlar, Germany. 
**Hoole Clasp Surveyor, Moynihan Product, Brisbane. 
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FIG. I.-Teeth mounted in black boxing wax for photographing the occlusal surfaces. 
FIG. 2.-Equipment used for photographing the occlusal surfaces. 
A photograph of this equipment is shown in Figure 2. 
For all photographs, a medium speed 35 mm. panchromatic film* was used. 
A code number was photographed on the first frame of each film so that all 
teeth photographed on that film could be identified. To standardize the enlarge­
ment technique, a small reference triangle of unequal sides was photographed on 
the second frame. When each developed film was placed in the enlarger, the enlarger 
*Kodak Panatomic X-FX135. 
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setting was adjusted, so  that the enlarged image of this reference triangle matched 
a second reference triangle drawn on a card. This enlargement had been chosen 
arbitrarily-approximately seventeen times. The enlarger setting was checked 
against the matching card for each film. 
The prints of the occlusal photographs could not be used for making measure­
ments. A slightly blurred outline often occurred, because of different reflections 
from the changes in contour of the shiny enamel surface. Margins were not suffic­
iently sharp for accurate measurements to be made of the width of fissures, and of 
the maximum mesio-distal diameter. Depth of fissures could not be measured. 
The occlusal view photographs were only used for demonstrating gross alterations. 
Measurements 
Some time was spent in selecting criteria for comparing the morphology of the 
first mandibular molars. In addition some difficulty was experienced in the develop­
ment of reproducible methods for making the various measurements. 
Because of the small size of rat molars, it was found desirable to use some low 
power magnification (lOx to 30x) for observations on crown morphology. In the 
present study a Leitz low power binocular prism magnifier was used. With this instru­
ment the following magnifications were available: lOx, 20x, 30x. Reflected light 
was used, the light source being a Leitz Monla lamp. 
At first, attempts were made to measure the width of the mesial and distal 
fissures and the maximum mesio-distal diameter by means of an eyepiece micro­
meter,* calibrated against a stage micrometert for recording in millimetres. This 
particular eyepiece micrometer was the best of a number tested, but the method 
itself was found to have a number of disadvantages. In measuring fissure width, it 
was often difficult to obtain a satisfactory compromise between a high enough magni­
fication with which to calibrate the width accurately, and a low enough magnification 
with which to retain that depth of field necessary to have both margins of the fissure 
in focus across the eyepiece scale. 
Similar problems arose in measuring the maximum mesio-distal diameter. 
The line joining the points of greatest convexity on the mesial and distal surfaces 
would provide this maximum mesio-distal diameter, but these points were not neces­
sarily in a horizontal plane. Once again, it was often impossible to have both points 
in focus at the one time along the eyepiece scale. 
This method was then discarded and a study was made of means of making 
measurements from sections through each tooth. The following method was 
developed: 
After the occlusal photographs were made, the teeth in each tray were turned on 
their side. With a hot knife, the wax was luted around each tooth so that one half 
of the tooth (in bucco-lingual width) was exposed. The exposed half of the tooth 
was then ground away under water, by means of a fine carborundum stonet mounted 
in a dental hand-piece. This produced a mesio-distal section of a tooth, approxi­
mately along the maximum mesio-distal diameter. It was similar to the sectioning 
method used by Grainger, Paynter and Shaw (1959). In their study of caries 
susceptible and caries resistant rat strains, they sectioned and made measurements 
on first maxillary molars. 
*Ref. No. E 17 Cross Scales Eyepiece Micrometer, Graticules Ltd. , London. 10 mm. in 100 
parts of 100 microns. 
t E. Leitz Mikrometer, 2 mm. in 200 parts. 
!S.S. White abrasive wheel No. 305 {t'' x t" mediu:tn grit silicon carbide). S. S. White Co. , 
Philadelphia, U. S. A. 
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It was necessary to have a photograph or drawing, on which to rule lines for 
making the various measurements. Methods using an eyepiece micrometer were 
difficult and unreliable. Defining the outline of a section of a photographic print 
is inaccurate. As stated above, a blurred line occurs on a print, whenever a shiny 
reflecting enamel wall (three dimensional) is reduced by photography to the one plane. 
With a microscope drawing apparatus* attached to the Leitz binocular prism magni­
fier, a drawing of each sectioned tooth surface was made. 
The drawing was approximately a 20x magnification of the original section of 
the tooth. Figure 3 is a photograph of the microscope drawing equipment and Figure 
4 is a photograph of a drawing made with the equipment. The adjusting specimen 
slide and aligning chart (Leitz, ZHEER) were used to standardize the angulation of 
the mirror. Trials showed that the method gave reproducible results. 
!. 
FIG. 3. -Microscope drawing equipment used for making enlarged drawings of the sections of 
rat molars. 
FIG. 4.-A drawing of a section of a rat molar, made with the equipment shown in FIG. 3. 
A number of measurements were made on this drawing. A line was first drawn 
through the centres of the occlusal surfaces of the mesial and distal cusps. The 
first mandibular molar has three major cusps (mesial, central and distal) and a minor 
cusp on the distal marginal ridge. 
*Drawing apparatus for stereoscopic'microscopes, complete: ZHEER, E. Leitz, Wetzlar, 
Germany. 
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Perpendiculars to  this line were then drawn as tangents to  the points of greatest 
curvature on each of the mesial and distal surfaces. The distance between these 
was measured as the maximum mesio-distal diameter. Two other perpendiculars 
were also drawn through the amelo-cemental junction on the mesial and distal 
surfaces. This measurement was the cervical mesio-distal diameter. 
Lines of "best fit" were then drawn along the sides of the mesial and distal 
fissures. A perpendicular line was drawn from the centre of the occlusal surface 
of the mesial cusp to the opposite (distal) side of the mesial fissure. Two measure­
ments were made on the width of the mesial fissure: (1) the length of the perpen­
dicular line from the centre of the occlusal surface of the mesial cusp to the distal 
side of the fissure, and (2) the distance between the sides of the fissure, measured 
along this perpendicular line (see (1)). 
The depth of the mesial fissure was also measured as the distance along the 
distal side from the intersection of the perpendicular to the base of the fissure. 
A perpendicular line was also drawn from the centre of the occlusal surface of 
the distal cusp to the opposite (mesial) side of the distal fissure. Two measurements 
were also made of the width of the distal fissure. These measurements were made in 
a similar manner to that described for measuring the width of the mesial fissure. 
The depth of the distal fissure was also measured as the distance along the mesial 
side from the intersection of the perpendicular to the base of the fissure. 
A drawing with the lines necessary for these eight measurements is shown 
in Figure 5. 
. . C e r v . M.-D.Diom .......... . 
..... 1'1ox. M.- D.Diom .. . . . ... .... . . 
FIG. 5.-Drawing of a section of a rat molar made with the microscope drawing equipment. The 
photograph also shows the lines ruled on each drawing, for measuring the mesio-distal diameter 
and the width and depth of the mesial and distal fissures. 
PM the width of the mesial fissure, as the perpendicular distance from the 
centre of the mesial cusp to the opposite side of the fissure. 
AC the corresponding measurement (to PM) for the width of the distal fissure. 
MN the width of the mesial fissure as the distance between the angle lines. 
BC the corresponding measurement (to MN) for the width of the distal fissure. 
OM the depth of the mesial fissure. 
CD the depth of the distal fissure. 
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Results 
For each of the eight morphological features measured, there was available for 
analysis within each litter a mean value for experimental animals and a mean value 
for control animals. 
In analysing the effect of any one treatment on each of the eight morphological 
features, the difference of the appropriate experimental mean minus the corresponding 
control mean was calculated for each litter. These differences were then analysed 
by a simple t-test (with null hypothesis of no difference). 
Effect of Boron 
Tables 1, 2 and 3 summarize the results of the effect of boron on crown morpho­
logy during each of the three experimental periods. 
TABLE 1 
THE EFFECT OF BORON ON CROWN MORPHOLOGY 
(boron administered during the first experimental pe:riod) 
TREATMENT d a_ t v 
(mm.) d 
Width* of Mesial Fissure l .  39 0. 7 1. 986 13 
Widthf of Mesial Fissure 0.8 0.58 l. 379 13 
Depth of Mesial Fissure -0.34 1. 1 0. 309 13 
Max. Mesio-Dist. Diam. i 0. 86 0. 71 1. 211 13 
Cerv. Mesio-Dist. Diam. 0.37 I 1. 05 0. 352 13 
Width* of Distal Fissure 0 9 I 0.59 1. 525 12 Widthf of Distal Fissure 0.54 0. 61 0. 885 12 
Depth of Distal Fissure -0.52 I 0. 84 0. 619 12 I 
-· 
p 
N.S. 
N. S. 
N.S. 
N.S. 
N. S. 
N. S. 
N. S. 
N.S. 
*the perpendicular distance from the centre of the cusp to the opposite side of 
the fissure. 
fdistance between angle lines. 
d XE - xc where 
XE experimental mean for each litter 
xc = control mean for each litter 
N. S. = not significant 
Boron did not alter crown morphology when administered during the first experi­
mental period nor during the third experimental period . .  However, it did produce 
some significant changes during the second experimental period. 
During this second experimental period, boron markedly altered the morphology 
of the mesial and distal fissures. Both fissures were wider and shallower in boron­
treated rats. 
An increase in width of the mesial fissure was produced in both of the criteria 
selected for determining width, and this effect by boron was highly significant 
(P < 0.001). The decrease in depth of the mesial fissure produced by boron was 
also a highly significant effect (P < 0.001}. 
Boron produced, as an average litter effect, a wider and shallower mesial fissure 
in at least fifteen of the twenty litters that contributed data in the second period. 
Of the remaining five, the litter effect in three was for a slightly narrower, but 
shallower fissure, and the litter effect in the other two was a wider but slightly deeper 
mesial fissure. 
Boron's general effect on the depth of the mesial fissure in this second period 
was very marked. In eight of the nineteen litters, which showed a shallower mesial 
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fissure, the average depth for "boron" was less than half the average depth for 
litter-mate controls. 
Boron's changes in the two measurements of the width of the distal fissure were 
also significant (at the two per cent level and at the five per cent level). Boron also 
produced a shallower distal fissure (P < 0.05). 
It did not alter the mesio-distal diameter of the tooth during this second 
experimental period. 
I
I 
I 
I 
I 
TABLE 2 
THE EFFECT OF BORON ON CROWN MORPHOLOGY 
(boron administered during the second experimental period) 
TREATMENT d a_ t v 
(mm.) d 
Width* of Mesial Fissure 2.01 0.5 4.02 19 
Widtht of Mesial Fissure 2.64 0.62  4.258 18 
Depth of Mesial Fissure -4. 50 0 . 87 5. 172 20 
Max. Mesio-Dist. Diam. 0. 13 0.78 1. 038 19 
Cerv. Mesio-Dist. Diam. 0. 16 0.81 0.197 19 
Width* of Distal Fissure 1. 19 I 0.44 2.705 19 Widtht of Distal Fissure 1.29 0. 54 i 2. 389 19 Depth of Distal Fissure -1.66 I 0. 7 I 2.371 I 19 ' 
p 
<0.001 
<0.001 
<0.001 
I N. S. N. S .  <0.02 
I <0. 05 <0.05 
*the perpendicular distance from the centre of the cusp to the opposite side of
the fissure. 
tdistance between angle lines. 
d XE - xc where 
XE experimental mean for each litter 
xc control mean for each litter 
N. S. not significant 
TABLE 3 
THE EFFECT OF BORON ON CROWN MORPHOLOGY 
(boron administered during the third experimental period) 
I 
TREATMENT d a_ t v 
(mm. ) d ! I Width* of Mesial Fissure 0.00 - 0.00 8 Widtht of Mesial Fissure -0. 3 2  0.46 0.696 10 Depth of Mesial Fissure -0. 3 1. 27 0.236 9 
Max. Mesio-Dist. Diam. 0. 50 I 0. 78 0. 641 10 Cerv. Mesio-Dist. Diam. 0.31 1. 39 0.223 10 Width* of Distal Fissure 0.82 0.74 1.108 9 
Widtht of Distal Fissure 0. 95 I 0.62 1. 53 2 9 Depth of Distal Fissure -0.05 0.6 0.083 9 ! I 
I 
I 
I p 
N. S.  
N . S .  
N. S .  
N. S .  
N.S. I N.S. N.S. N.S. 
*the pe:rpendicular distance from the centre of the cusp to the opposite side of
the fissure. 
tdistance between angle lines. 
d XE - xc where 
XE experimental mean for each litter 
xc control mean for each litter 
N.S. not significant 
Effect of Fluoride 
Tables 4, 5 and 6 summarize the results of the effect of fluoride on crown 
morphology during each of the three experimental periods. 
I 
I 
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TABLE 4 
THE EFFECT OF FLUORIDE ON CROWN MORPHOLOGY 
(fluoride administered during the first experimental period) 
I ITREATMENT I d a_ t v (mm.) I d I I --- - I Width* of Mesial Fissure -0. 61 0.26 2.346 8 Widtht of Mesial Fissure 0.47 0.52 0. 904 8 Depth of Mesial Fissure I 0. 31 0.66 0.47 8 
Max. Mesio-Dist. Diam. I -0. 1 1.14 0.088 8 Cerv. Mesio-Dist. Diam. 0.52 0.98 0. 531 8 Width* of Distal Fissure 1.03 0. 6 1.717 9 
Widtht of Distal Fissure l. 25 0.87 1. 437 9 
Depth of Distal Fissure -0.46 0. 86 0.535 9 
1 11 
I 
p 
I <0.05 N.S. 
I N.S. N.S. N. S. 
N.S. 
N. S. 
N.S. 
*the perpendicular distance from the centre of the cusp to the opposite side of 
the fissure. 
tdistance between angle lines. 
d XE - xc where 
XE experimental mean for each litter 
xc control mean for each litter 
N. S. not significant 
TABLE 5 
THE EFFECT OF FLUORIDE ON CROWN MORPHOLOGY 
(fluoride administered during the second experimental period) 
I I I I I TREATMENT I d a_ t v (mm.) d I Width* of Mesial Fissure 0.89 0.37 2.405 25 
Widtht of Mesial Fissure ' 1.01 0.42 2. 405 26 
Depth of Mesial Fissure I -2.68 I 0. 906 2.945 25 Max. Mesio-Dist. Diam. 0.35 0.54 0. 648 24 Cerv. Mesio-Dist. Diam. 0.29 0. 73 0.397 26 
Width* of Distal Fissure I 0. 39 0.36 1.083 25 Widtht of Distal Fissure I 0.31 0.37 0.838 I 25 Depth of Distal Fissure -1.47 0.57 2.579 26 
p 
I <0. 05
<0.05 
<0.01 
N.S. 
N.S. I 
N.S. 
I 
N. S. 
<0.02 
I 
*the perpendicular distance from the centre of the cusp to the opposite side of
the fissure. 
tdistance between angle lines. 
d XE - xc where 
XE experimental mean for each litter 
xc control mean for each litter 
N. S. not significant 
With one possible exception, fluoride did not alter the features of crown 
morphology during the first experimental period. There is some evidence that 
fluoride altered the width of the mesial fissure, as measured by the perpendicular 
distance from the centre of the mesial cusp to the distal side of the fissure. This 
·effect by fluoride is possibly significant at the five per cent level.
During the second experimental period, fluoride produced changes in the 
morphology of the mesial and distal fissures. Fluoride increased the width of the 
mesial fissure, this effect being significant at the five per cent level. It also decreased 
the depth of this fissure and this effect was significant at the one per cent level. 
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TABLE. 6 
THE EFFECT OF FLUORIDE ON CROWN MORPHOLOGY 
(fluoride administered during the third experimental period) 
' 
TREATMENT d a_ t v 
(mm.) d 
Width* of Mesial Fissure -0.28 0.56 0.5 8 
Widtht of-Mesial Fissure 0.2 0.41 0.488 10 
Depth of Mesial Fissure -1.33 l.ll 1.198 9 
Max. Mesio-Dist. Diam. -3.00 0.38 7.895 10 
Cerv. Mesio-Dist. Diam. 
I 
-2.43 1.41 l. 723 10 
Width* of Distal Fissure 0.44 0.86 0.512 8 
Width t of Distal Fissure -0.75 0.81 I 0.926 8 Depth of Distal Fissure -0.28 1.06 0.264 7 
p 
N. S. 
N.S. 
N. S. 
<0.001 
N. S. 
I N. S. N.S. N.S. 
I 
*the perpendicular distance from the centre of the cusp to the opposite side of
the fissure. 
tdistance between angle lines. 
d XE - xc where 
XE experimental mean for each litter 
xc control mean for each litter 
N. S. not significant 
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FIG. 6.-The relation between the maximum mesio-distal diameter (x 20) of the first mandibular 
molars, and the weight of the corresponding rats at age ten days. Control and fluoride-treated 
rats were from the third experimental period (eleventh to fourteenth days inclusive). 
Fluoride also tended to produce a wider distal fissure, but this effect was not 
significant. However, it did decrease the depth of the distal fissure significantly 
(P < 0. 02). 
During this second experimental period, fluoride did not alter the mesio-distal 
diameter. However, when administered during the third experimental period, it 
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significantly altered the maximum mesio-distal diameter. It also tended to alter 
the cervical measurement, but this effect was not significant. A shorter maximum 
mesio-distal diameter was produced and this effect of fluoride was highly significant 
(P < 0.001). 
The maximum mesio-distal diameter of the tooth could also be a function of 
the general body size of the rat. The selection of rats for treatments had been 
randomized within litters. It was therefore unlikely that the smaller rats in the 
litters would have been selected for one particular treatment, for example, fluoride. 
Figure 6 confirmed this. In this scatter diagram, the maximum mesio-distal 
diameters of the teeth of control and fluoride-treated rats (in the third experimental 
period) were plotted against the body weights of the rats at age ten days. 
Any trend for smaller rats to have smaller (shorter) teeth (as measured by the 
maximum mesio-distal diameter) was common to both the control and the fluoride­
treated rats. 
The effect of fluoride in decreasing the maximum mesio-distal diameter during 
the third experimental period could not be attributed to bias in the selection of 
smaller rats with potentially smaller molars. 
Effect of Molybdenum 
Tables 7, 8 and 9 summarize the effects of molybdenum on crown morphology 
during the three experimental periods. 
Molybdenum did not alter crown morphology during the first experimental 
period nor during the third experimental period. 
Furthermore, its influence during the second experimental period was not as 
marked as that of boron and fluoride. However, it significantly altered the width 
of the mesial fissure, as measured by the distance between the angle lines; its effect 
(wider mesial fissure) on this criterion was significant at the five per cent level. There 
was a similar tendency for the "distance between lines" criterion of the width of the 
mesial fissure, and this effect approached significance at the five per cent level. 
I 
TABLE 7 
THE EFFECT OF MOLYBDENUM ON CROWN MORPHOLOGY 
(molybdenum administered during the first experimental period) 
TREATMENT 
Width* of Mesial Fissure 
Widtht of Mesial Fissure 
Depth of Mesial Fissure 
Max. Mesio-Dist. Diam. 
Cerv. Mesio-Dist. Diam. 
Width* of Distal Fissure 
Widtht of Distal Fissure 
Depth of Distal Fissure 
I I 
I! 
d 
(mm.) 
0 00 
0 42 
-0.65 
0 27 
-0 6 
0 37 
0 02 
-0 94 
' 
a_ 
d 
-
0.37 
0.93 
0.85 
l. 05 
0.62 
0.56 
0.83 
I 
! 
I 
I I 
I 
0.00 I 12 1.135 12 0. 7 12 
0.318 12 
0.571 12 
0.597 12 
0.036 12 
1.133 12 
p 
------
N.S. 
N.S. I 
N.S. 
N.S. 
N.S. 
N.S. 
! 
N.S. 
N.S. 
*the perpendicular distance from the centre of the cusp to the opposite side of 
the fissure. 
tdistance between angle lines. 
d = XE - xc where 
XE experimental mean for each litter 
xc control mean for each litter 
N. S. = not significant 
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TABLE 8 
THE EFFECT OF MOLYBDENUM ON .CROWN MORPHOLOGY 
(molybdenum administered during the second experimental period) 
I I I I TREATMENT d I a_ t v I (mm.) d I Width* of Mesial Fissure 1.27 I 0. 61 I 2.082 I 15 Widtht of Mesial Fissure I 1.42 0. 65 2.185 15 I 
Depth of Mesial Fissure -1.5 I 1. 19 I 1. 26 15 Max. Mesio-Dist. Diam. 0.28 0.83 0.337 15 
Cerv. Mesio-Dist. Diam. -0.05 I 0. 93 I 0 054 15 Width* of Distal Fissure 0. 77 I 0.5 1.540 I 15 Widtht of Distal Fissure 1.05 0.56 I 1. 875 15 Depth of Distal Fissure -1.11 I 0.71 1.563 I 15 ! 
p 
N.S. 
<0 .05 
N.S. 
N. S. 
N. S. 
N. S. 
I N. S. N. S. 
*the perpendicular distance from the centre of the cusp to the opposite side of 
the fissure. 
tdistance between angle lines. 
d XE - xc where 
XE experimental mean for each litter 
xc control mean for each litter 
N. S. not significant 
TABLE 9 
THE EFFECT OF MOLYBDENUM ON CROWN MoRPHOLOGY 
(molybdenum administered during the third experimental period) 
TREATMENT d a_ t v 
(mm.) d 
Width* of Mesial Fissure 0.57 0. 88 0.648 6 
Widtht of Mesial Fissure 0 82 0.68 1.206 6 
Depth of Mesial Fissure 0 36 0.84 0.429 6 
Max. Mesio-Dist. Diam. 0.32 1.18 0 271 6 
Cerv. Mesio-Dist. Diam. 0.79 I 8 0.439 6 
Width* of Distal Fissure -1.21 0.71 1.704 6 
Widtht of Distal Fissure -1.36 1.01 1.347 6 
Depth of Distal Fissure 1. 54 1.46 1.055 6 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N. S. 
N.S. 
N. S. 
*the perpendicular distance from the centre of the cusp to the opposite side of
the fissure. 
tdistance between angle lines. 
d XE - xc where 
XE experimental mean for each litter 
xc control mean for each litter 
N.S. not significant 
Effect of Treatments on the Rate of Growth (in terms of body weight) 
With the concentration and the amount administered, the treatments did not 
affect the gain in weight of rats. This is shown in Table 10, where the mean weight 
values are recorded at age five, ten, fifteen, and twenty days. 
TREATMENT 
Control 
Boron 
Fluoride 
I Molybdenum I 
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TABLE 10 
THE EFFECT OF TREATMENTS ON THE RATE OF GROWTH 
(as gauged by weight at five-day intervals) 
MEAN WEIGHT (G) 
EXPERIMENTAL 
PERIOD 5th lOth 15th 
day day day 
First 10. 7 18.0 24.0 
Second I 10.0 16.7 19. 6 Third I 10.5 18.3 21. 1 
First I 10.0 I 15. 4 18. 3 Second 10.6 17. 7 19. 5 Third 10.0 16.7 18.9 
First 9.7 17.5 18. 8 
Second 8.3 15.6 19.2 
Third 10. 0 17.4 20. 7 
First 10. 6 14.0 19. 0 
Second 11.0 16.5 21.2 
Third 10.0 I 15. 6 21. 0 
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20th 
day 
29.0 
29.0 
25.8 
27.9 
29.7 
28.0 
27.0 
31.0 
28.6 
. 27.6 
I 28.0 29.2 
FIG. 7 .-Occlusal pattern of the first mandibular molar of a control rat. (Magnification 17x 
approx. )
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Photographs of the Occlusal Morphology of the First Mandibular Molars 
On the photographs of the occlusal surfaces of the first mandibular molars, the 
most obvious alterations by treatments were to the mesial fissure and these occurred 
during the second experimental period. 
Most of the first mandibular molars of the control rats were characterized by 
narrow deep fissures, and, as would be expected, their morphology was independent 
of effect from the experimental period. The mesial fissure in the first mandibular 
molar of a control rat traverses the entire width of the tooth bucco-lingually, and 
is situated at the base of the deeply concave mesial fossa. 
Figure 7 is representative of the occlusal pattern most commonly seen in photo­
graphs of the first mandibular molars of control rats. 
Some alterations occurred in the mesial fissure of the first mandibular molars 
of rats which had received boron during the second experimental period. The most 
marl<;ed tendency was toward the production of a very shallow mesial fossa and the 
complete elimination of the mesial fissure. The absence of the mesial fissure can 
perhaps be regarded as the extreme limit to the production of a wider and shallower 
fissure; that is, the elimination of the fissure occurs with the production of the widest 
and shallowest fissure possible. 
Figure 8 is an example of a first mandibular molar (from boron-treated rats), 
in which the mesial fissure is absent and in which the mesial fossa is shallow. 
FiG. 8.--'-Absence of the mesial fissure in the first mandibular molar of a rat which received boron 
during the second experimental period. (Magnification 17x approx.) 
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FIG. 9.-First mandibular molar of a rat which received boron during the second experimental 
period. The mesial fissure is wider and shallower than that of a control rat (compare with 
FIG. 7). (Magnification 17x approx.) 
This complete elimination of the mesial fissure occurred in rats from four out of 
the twenty litters in the boron study. Boron was the only treatment that produced 
this great alteration in the mesial fissure. 
· 
The general trend in the other boron-treated rats of the second experimental 
period was for the molars to have wider and shallower mesial fissure than the control 
rats. Figure 9 is an example of this. 
Intermediate between these two alterations (the wider shallower fissure and the
absence of the fissure) were teeth which showed partial elimination of the mesial 
fissure-see Figure 10. 
The trace element fluorine also produced some interesting changes during 
the second experimental period. The mesial and distal fossae of the molars of 
fluoride-treated rats were much shallower than those of molars of control rats or of 
rats receiving the other trace elements. 
Consequently, their occlusal surfaces appeared to be flatter than those from rats 
which had received other treatments. 
In addition, the mesial fissures were wider and shallower than those of control 
rats. Figure ll shows a molar with a wide and shallow mesial fissure, and with a 
flat occlusal surface. 
Molybdenum also produced wide and shallow mesial fissures during the second 
experimental period. The wide fissures produced by molybdenum were different 
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FIG. 10.-Partial elimination of the mesial fissure of  a first mandibular molar of  a rat, which 
received boron during the second experimental period. (Magnification l7x approx.) 
FIG. ll.-Wide, shallow mesial fissuJ;e and fiat occlusal surface of a first mandibular molar of a 
rat which received fluoride during the second experimental period. (Magnification l7x approx.) 
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FIG. 12.-Wide mesial fissure in a first mandibular molar of a rat which received molybdenum 
during the second experimental period. (Magnification l7x approx.) 
from those produced by boron, or fluoride--compare Figure 12 with Figures 9 and 
ll. With molybdenum, the fissure was widest and deepest on the buccal, and 
tapered off in width and depth as it approached the lingual surface. 
Histologic Study of the Effects of the Elements on the Developing Dental Tissues 
The growing dental tissues can act as a kymographic record in permanently 
registering any experimental effects (Schour and Massier, 1949). The rat molar is 
a tooth of limited growth; the rat incisor is a tooth of persistent growth. The 
incisor is particularly useful for studying experimental effects on the developing 
dental tissues, because all of the stages of development can be followed and examined 
along its length. A. detailed study of the normal process of development in the rat 
incisor has been reported by Pindborg and Weinmann (1959). 
In the present study, after a trace element had been administered, the animal 
was allowed to live for at least a further forty-eight hours before being sacrificed. 
The jaws were dissected out, and were fixed for twenty-four hours in ten per cent 
buffered formalin. The jaws were then decalcified for two to seven days, in either 
a mixture of equal amounts of forty-five per cent formic acid and twenty per cent 
sodium citrate (Morse, 1945), or a mixture of equal parts of forty-five per cent formic 
acid and lN. sodium formate (Clark, 1954). 
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Then the jaws were washed, and slowly dehydrated in five per cent increments from 
thirty per cent alcohol through to absolute alcohol. They were cleared and either 
embedded in paraffin or double embedded in celloidin-paraffin (Manley, Brain and 
Marsland, 1955). Sagittal sections (approximately 6 microns thick) were cut in series
and stained with haematoxylin and eosin. 
These sections contained mesio-distal sections of the incisor and the molars. 
The developing dental tissues of all of the teeth were examined for alterations to 
histological detail . 
No changes were observed in any of the sections of the developing teeth of 
boron-treated rats. The odontoblast and ameloblast layers, and the dentine and 
enamel matrix resembled those of control rats. 
However, some changes were produced by fluoride and by molybdenum. 
Fluoride administration produced a "calcio-traumatic response" in the enamel 
matrix and the dentine. This finding was similar to that produced by Schour and 
Massier (1949). In some areas, the effect was more severe: the ameloblast layer 
showed cellular changes and the deposition of the enamel matrix was retarded. 
Figures 13 and 14 are photomicrographs showing the changes which followed the 
administration of sodium fluoride. 
FIG. 13.-Section of the developing molar of a rat, which had received sodium fluoride during 
the second experimental period. l. "calcio-traumatic response" in enamel matrix. 2. calcio­
traumatic line in dentine. 3. alteration to the ameloblast layer ; vesicular cytoplasm. (Haema-
toxylin and eosin stain. Original magnification 400x.) 
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FrG. 14.-Section of the developing molar of a rat, which received fluoride during the second 
experimental period. In this area, l. irregular deposition of the enamel matrix occurred after 
2. the "calcio-traumatic response" . 3. Degeneration of ameloblasts. (Haematoxylin and eosin 
stain. Original magnification 400x.) 
FIG. 15 .-Section of the mandibular incisor of a rat, sacrificed forty -eight hours after a three-day 
period of receiving intraperitoneal injections of ammonium molybdate in normal saline. l. calcio­
traumatic line in the enamel matrix followed by 2. regularly deposited but poorly formed enamel 
matrix. (Haematoxylin and eosin stain. Original magnification 400x.) 
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A "calcio-traumatic response" also followed the administration of  ammonium 
molybdate. The calcio-traumatic line was followed by a fairly wide band of poorly 
formed enamel matrix. In some teeth, the dentine had an interglobular texture. 
Parikh (1960) had reported the production of interglobular dentine after the adminis­
tration of 50 G. of sodium fluoride. However, in the present study this was not seen 
after fluoride administration. 
Figure 15 is a photomicrograph of a section of the developing tooth of a molyb­
denum-treated rat. Ostrom, Miller and van Reen (1960) reported disorganization 
of the odontoblast layer and disturbance of dentine formation following molybdenum 
administration. They fed twenty-two-day-old rats a purified diet containing 400 
p.p.m. molybdenum (as sodium molybdate) for thirty-five days. However, no 
change was observed in the ameloblasts or in enamel formation. 
Discussion of Results 
This study has demonstrated that the shape and size of a rat molar can be altered 
by some trace (or minor) elements, administered while the tooth is forming. The 
most marked effects were produced by boron and fluorine. Previously, these two 
elements had been shown to reduce the susceptibility of the rat molar to dental caries 
(Kruger, 1957). At that time, it was suggested that alterations to the shape and 
size of a molar (induced by the elements) may have contributed, at least in part, to 
the reduced susceptibility of the tooth to dental caries. 
In the present study, the greatest alterations occurred between the seventh 
and tenth postnatal days, and the most significant alterations were produced by 
boron. The analysis of the measurements, made from the drawings of the sections, 
showed that boron produced fissures that were wider and shallower than those of the 
controls. 
This effect by boron on the mesial fissure was highly significant and the occlusal 
photographs confirmed the results of the drawing-measurements. 
The effect of boron on the mesial fissure was specifically to widen it and to make 
it shallower. Its greatest alteration, that of eliminating the fissure, occurred in 
approximately one-fifth of the litters. 
Fluoride's effect was not as great as boron's in the second experimental period, 
but its overall effect was more widespread. Its effect on the mesial fissure in the 
first experimental period was barely significant. However, its alterations in the 
second and third periods were quite significant effects. Once again, the photographs 
taken of the occlusal surfaces supported the mathematical analyses. 
The wider and shallower mesial fissures that were produced were not so universal 
in effect throughout the litters as those produced by boron. It is interesting to 
note that fluoride teeth, too, had other differences in their morphological appearance. 
The teeth were "flatter" than teeth resulting from the other treatments. 
During the third experimental period, fluoride produced a smaller tooth, as 
measured along the maximum mesio-distal diameter. However , the cervical 
measurement was unaltered. 
Paynter and Grainger (1956), with a different experimental plan (between­
litter effects were compared), had produced smaller maxillary molars, with a dietary 
supplement of twelve parts per million of sodium fluoride. 
In the Paynter and Grainger study, only the cervical measurement was altered; 
in the present study, only the maximum diameter was reduced. 
Photographs of the occlusal surfaces of the molars of molybdenum-treated rats 
had shown a fissure, which was widest on the buccal, and which tapered off in width 
and depth as it approached the lingual. 
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Measurements from the sections may have minimized molybdenum's effect. 
The sections were made along the mid-line of the tooth and at this position the mesial 
fissures of molybdenum-treated molars were still wider than the controls, but were 
not reduced significantly in depth.
Boron also produced the greatest effect on the distal fissure, a wider and shallower 
fissure being produced. A shallower fissure by fluoride was the only other significant 
alteration to the distal fissure. There is no apparent explanation for the distal 
fissure being less affected by these trace elements than the mesial fissure. 
The criteria selected for comparing width and depth on the drawings may not 
have been optimal for showing the effects on the distal fissure, but this is unlikely. 
No great differences in the distal fissure were evident on the occlusal photographs, 
and yet the alterations to the mesial fissure were easily distinguished on the 
photographs. 
Of course, all three elements were only studied at one dosage level (arbitrarily 
chosen), and a different order of response may have resulted with a variation in the 
amount of salts administered. 
It is interesting to note that all of the changes were effected without producing 
severe damage to the dental tissues of the developing tooth, and without producing 
metabolic disturbances (at least as gauged by the growth response of the animals). 
How the effects are produced is unknown. The alterations could not be explained 
completely by the histological findings obtained. 
The type of alteration shown in Figure 14 might explain changes in the width 
and depth of fissures after the administration of fluoride. Irregular deposition of 
enamel matrix and damage to small groups of ameloblasts could modify the morph­
ology of a tooth. Changes to a fissure are seen more readily, and are compared more 
easily. 
However, no changes were seen in boron-treated teeth, even though a thorough 
study was made of the sections. It is realized, of course, that, although no changes 
were seen in this study, it does not preclude the possibility that changes can be 
produced in the developing dental tissues by boron. 
On the other hand, more subtle effects may have contributed to the alterations 
that finally resulted. It is possible that the elements may have modified, even 
differentially, the cellular metabolism of cells at different stages of development. 
At least two of the elements studied are known to be related closely to enzyme 
activity, either in the synthesis or inhibition of enzymes (Underwood, 1956). The 
enzyme, xanthine oxidase, has been identified as a molybdoflavoprotein. Fluorine 
is an enzyme inhibitor, particularly of enolase, phosphatase and lipase. 
Grainger, Paynter and Shaw (1959) suggested that the size of a tooth may be a 
measure of its "quality", but they did not make any similar suggestions about its 
shape. There is still no agreement as to whether a fissure is a developmental defect 
or not (Black, 1902; Hyatt, 1928, 1930; McKay, 1929; Kronfeld, 1935; Brucker, 
1944). While the elimination of a fissure may make that portion of a tooth less 
susceptible to dental caries, one may not be justified in implying that this alteration 
had improved the quality of the whole tooth. 
Nevertheless, there are signs that measurements of the size and shape of teeth 
will play a prominent role in future epidemiological studies of the prevalence of 
dental caries in man. 
Grainger, Paynter and Shaw (1959) have suggested that tooth measurements 
may be useful as a differential diagnosis for susceptibility to dental caries. They 
cited unpublished work in Ontario Health Units by Jarrett, Grainger, Paynter and 
Nikiforuk, which has demonstrated that "a much closer prediction of caries 
susceptibility is possible by combining available information on such factors as 
124 B. J. KRU G E R
fluoridation history, lactobacillus count, and tooth size, than is  possible by any 
single prediction". 
Jarrett, Grainger, Dale and Paynter (1958) and Wallenius (1959) have already 
demonstrated that tooth size is related to the susceptibility to dental caries (at least 
in fluoride areas). 
Another trace element, molybdenum, may be responsible for a lower prevalence 
of dental caries among children in Napier, New Zealand (Ludwig, Healy and Losee, 
1960). No definite findings have yet been reported. 
However, if a relationship is established between molybdenum intake and sus­
ceptibility to dental caries, it will be interesting to see if there are any associated 
differences in the size and morphology of the teeth. 
It is realized that the results of the present study (solely on changes in morph­
ology) cannot be correlated with the results of an earlier study (solely on reduction 
in caries). Nevertheless, since it is known that the shape and size of a tooth can be 
a determining factor in the susceptibility of that tooth to dental caries, it is reasonable 
to consider how the resulting alterations in this present study might affect the 
susceptibility to dental caries. 
A very narrow deep fissure should encourage the retention of fermentable 
carbohydrate, and therefore should be susceptible to dental caries. On the other 
hand, a wide shallow fissure would be more easily cleared of debris by masticatory 
excursions, that is, be "self-cleansing", and should be less susceptible. 
The elimination of a fissure should make that portion of a tooth virtually 
immune to dental caries. 
Summary 
The shape and size of the first mandibular molars of the rat were altered by 
three trace elements, administered while the teeth were forming. 
Marked alterations were produced by boron and fluoride and changes of a 
smaller degree were produced by molybdenum. Some of the changes were demon­
strable in photographic enlargements. 
The possible effect of altered morphology on susceptibility to caries was discussed. 
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